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xperimennal 


in-,  osoi_ation  of  chemotherapy  in  tuberculosis. 


by  1.  Prl  gg  e 


hlinische  fochensclmifc,  20,  6;3-6>7  (1941) 


ieCOnd  r (*) 

••  survey  of  the  liter  ic-ura  coaling  with  the  chemotherapeutic  susceptibi¬ 
lity  of  tuberculosis  to  compounds  a  few  years  ago  still  presented  rather 
a  paradoxical  situation:  despite  the  success  which  investigators  dadoed  to 
note  in  connection  with  rain,  it  was  generally  conceded  that  no  exact  proof  of 
the  efficacy  of  gold  preparations  could  be  obtained  in  anlral  tests.  In  coil-''"*  '  - 
sideration  of  the  f«e«  that  the  entire  field  of  chemotherapy  owes  its  princi 
pies  and  its  development  to  tne  aiJLinal  experiment,  attempts  were  made  to 
overcome  this  contradiction  by  theoretical  deliberation  concerning  the  mechanism 
of  the  gold's  effect.  It  was  claiioed  that  the  progress  of  tuberculosis  is 
completely  different  in  artificially  infected  animals,  especially  the  guinea 
pig,  and  in  humans;  above  all  it  was  asserted  that  the  orgardsm  of  the  guinea 
pig  possesses  so  few  inherent  defensive  potentials  that  it  is  helplessly  ex¬ 
posed  to  the  progress  of  the  infection  and  is  principally  incapable  of  exploit¬ 
ing  the  chances  given  by  chemotherapeutic  injury  to  the  TB  bacilli. 

..  satis  factor;'-  explanation  becomes  possible  only  after  the  investigations 
of  Piigge  (ly  as  well  as  nuester  anc  lie yer  (2)  revealed  that  experimental 
tuberculosis  of  the  guinea  pig  and  the  white  mouse  may  be  influenced  very  dis¬ 
tinctly,  so  far  as  the  treatment  is  accomplished  only  with  really  appropriate 
chemical  or  physical  means.  ,»fter  these  determinations,  the  poor  suitability 
of  test  animals  for  the  demonstration  of  therapeutic  effects  could  no  longer 
be  held  responsible  for  the  gold's  failure.  On  the  contrary,  it  suggested  it¬ 
self  iore  strongly  to  search  for  the  cause  of  negative  results  of  animal  tests 
in  the  poor  suitability  of  the  gold  compounds  themselves.  The  correctness  of 
this  explanation  is  supported  by  the  clinical  analyses  of  hartini  et  al.  men¬ 
tioned  in  the  first  report,  in  which  the  ineffectiveness  of  gold  in  human 
tuberculosis,  especially  pulmonary  T3,  i3  exposed  unequivocally,  he  therefore 
con  no  longer  recognize  a  principal  contradiction  between  the  results  of  ex¬ 
perimental  research  and  clinical  tests,  and  c-uinot  admit  of  a  reason  for  the 
neglect  of  animal-experimental  methods  for  tine  discovery  of  chemotherapeutically 
effective  compounds  in  tuberculosis.  In  order  to  compensate  for  omissions,  one 
should  initially  deal  less  with  the  investigation  of  the  mechanism  of  chemo¬ 
therapeutic  effect,  ana  more  with  the  development  of  highly  exact  techniques 
which  permit  a  reliable  decision  on  the  efficacy  of  certain  groups  of  substances 
and  the  measurement  of  this  efficacy.  The  e;ctent  to  which  results  thus  obtained 
can  be  fruitfully  utilized  in  the  therapy  of  the  tubercular  person  will,  of 
course,  be  dependent  on  the  clinician's  decision,  -s  aisinschaidt  (3)  recently 
stressed  vdth  great  emphasis:  although  the  animal  experiment  represents  the 

'oundation  of  chemotherapy,  there  are  significant  differences  between  the 
-chievemants  of  che:x>uherapeutics  in  the  animal  tesu  ana  t..e  effect  on  huiaon 
disease." 

(*)  first  report:  Klin.  fschr.  1940  II,  1273- 
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1.  aaonw  t;.-  ;at..oas  oy  ..aich  tne  therapeutic  influence  o.i  e.voeriaen  tally 
indu cea  i.^feoiioue  aise-se,  above  all  o.i  tuberculosis,  c-n  be  ae.soed.  the 
collective  test  aoou.ies  increased  importance.  ..ext  to  the  reaction  of  the 
inoiviui  .1  animal,  it  utilises  the  total  behavior  of  suall  or  iar^e  Oi\juos 
(collectives)  of  animals  as  tns  criterion  of  effect.  Since  the  principles 
valid  in  this  connection  have  been  discussed  in  acre  detail  in  previous  publi¬ 
cations  on  chei.^ther_peutic  investigations  (l-rigge  1,  4,  5,  6,  7),  more  general 
re-Tiarlis  should  suffice  here,  coupled  with  a  few  suppleatental  data  clarifying 
the  process  miue  in  methooics. 


livery  characteristic  which  allows  the  collective  characterisation  of  an 
animal  group  ray  serve  in  the  evaluation  of  the  chemotherapeutic  effect,  on 
the  other  hand,  it  appears  extremely  difficult  to  reach  reliable  conclusions 
solely  from  the  stuny  of  pathologic— anatomical  alterations,  fire  considerable 
differences  between  individual  animals  which  are  noted  even  during  unuisturbed 
progress  of  the  infection,  make  it  very  difficult  to  gain  a  positive  evaluation. 
Investigators  v/ho  have  seen  the  extraordinarily  diverse  development  of  TE  among 
a  larger  group  of  identical  animals  infected  in  the  same  manner,  and  how  strong¬ 
ly  the  findings  noted  at  a  certain  point  differ  (even  without  therapeutic  treat¬ 
ment),  will  consider  utmost  restraint  in  the  evaluation  of  anatomical  appear¬ 
ances  to  be  indispensable.  It  becomes  especially  difficult  when  comparisons 
are  to  be  made  of  animals  that  have  died  at  different  tines,  .m  unobjectionable 
result  may  be  obtained  only  when  all  animals  belonging  to  the  two  groups  wiiich 
are  to  be  compared  (they  should  be  as  large  as  possible  and  comprise  the  treated 
series  and  the  control  series)  are  sacrificed  at  the  same  time,  and  when  the 
“stage”  of  the  disease,  to  be  subtracted  from  the  individual  tests,  is  used  as 
a  basis  for  comparison  of  the  two  groups,  naturally,  the  conclusion  based  on 
such  a  procedure  will  always  be  somewhat  arbitrary  —  the  smaller  the  compared 
animal  collectives,  the  more  arbitrary.  For  on  one  hand  we  must  make  the  ab¬ 
straction  from  individual  findings  more  or  less  subjectively;  and  on  the  other 
we  have  no  objective  method  allowing  us  to  evaluate  the  role  chance  plays 
(even  in  untreated  animals)  in  the  distribution  of  light,  medium  and  severe 
cases  among  diverse,  apparently  identically  constituted  collectives.  Besides, 
the  described  method  only  yields  a  “cross-section"  through  the  test  process  by 
revealing  the  status  of  the  test  at  a  particular  moment,  but  does  not  disclose 
anything  about  previous  or  subsequent  conditions,  while  we  should  be  bent  on 
obtaining  a  "longitudinal  section”  that  shows  the  entire  progression  of  the  test. 

II.  lore  reliable,  numerically  expressible  results  may  be  obtained  when 
the  course  of  infection,  is  followed  to  its  end  —  or  to  it 3  cure—,  in  which 
connection  pathologic-anatomical  changes  found  after  the  test  animal's  death  ' 
may  serve  as  an  additional  criterion.  Of  the  methods  used  by  me  for  the  execu¬ 
tion  and  evaluation  of  my  investigations,  I  should  like  to  list  two  that  have  - 
proved  to  be  especially  feasible. 

1.  Groups  of  20  animals  (rabbits,  giinea  pigs,  nice),  as  similar  as 
possible,  constituted  according  to  Frlgge  (17)  and  Schaeffer's  (18)  method  in 
such  a  manner  that  the  ciffereat  classes  of  body  weight  are  evenly  represented 
in  each  series,  are  infects-  vith  human  or  bovine  TB  bacilli  and  in  part  ob¬ 
served  without  treatment  (control  series),  in  part  subjected  to  treatment 
(oral,  intravenous  or  subcutaneous)  after  a  few  days,  generally  twice  a  week. 

In  important  cases  2  or  more  groups,  i.e.  40  or  more  animals,  were  consolidated 
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an':  3-ne  prop  .ration  a.:\i  accoruing  to  the  sa  .a  test  plan, 

..•itn  t.*-  •■-■  aosas,  etc.,  or  wore  usssrveo.  — s  controls.  On  a  suitably  chosen 

'TL.ea  day"  the  percentage  of  animals  i3  determined  which  survive  in  the 
uii-er«nt  series,  if  marge  ui i _ erci.ces  are  found,  it  is  determined  with  i:athe* 
riitic-l— st -tistical  :.j3tnoas  uietner  tney  are  to  be  considered  characteristic 
("significant,"  conclusive)  or  the  result  of  chance. 
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-/I  t:.is  connection  one  s..ouid  not  03  misled  'to  assume  that  the  result  of 
comp  .ri son  increases  an  certaa..tj'  ’m.a.  the  statistical  evaluation  of  each  indi— 
viaudi  test  is  conducted  on  a  a  -y  on  titich  the  survival  rates  of  the  treated 
ana  untrc.iteu.  sl—nls  are  tus-ot  distinctly  different,  ouch  a  method  would  even 
lead  U>  self-d'-ception.  critical  uvuiu-tion  of  test  results  is  possible  only 
when  the  fixed  term  is  set  Iron  an  objective  point  of  view,  independent  from 
the  result  of  individual  tests,  e.g.  so  fch-t  the  result  on  which  evaluation  is 
to  be  based  is  deterLdnea  after  the  expiration  of  a  certain  number  of  days 
(from  the  commencement jf  or  when  pG,*  or  75/->  of  the  control  animals  have  died 
{**)}  or  at  another  moment  chosen  as  suitable,  but  in  a  "non-partisan"  way. 

This  rule  naturally  should  not  be  applied  schematically;  above  -11,  it  is 
valid  only  for  tests. conducted  according  to  tne  same  program  and  with  the 
Ciieuical  compound  (cf.  Section  IV).  If,  for  instance,  the  same  course  of 
action  is  taxen  witn  drugs  of  rapid  effect  and  compounds  ’whose  effect  becomes 
active  after  some  time,  it  would  be  impossible  to  grasp  the  diversity  of  thera¬ 
peutic  possibilities  in  a  sensible  manner.  The  planning  and  evaluation  of 
chemotherapeutic  tests  should  not  be  subjected  to  a  few  inflexible  roles  that 
allow  the  convenient  use  of  statistical  formulas,  but  must  above  all  satisfy 
the  multiplicity  of  biological  possibilities.  Hie  use  of  statistical  methods 
therefore  represents  only  an  additional  process  guaranteeing  the  critical  evalu¬ 
ation  of  numerically  expressible  test  results,  but  unable  to  take  the  p.Lace  of 
principles  valid  for  the  planning  and  evaluation  of  tests. 

The  result  obtainable  by  the  described  method  may  in  some  cases  be  ex¬ 
tended  by  repeating  the  comparison  between  survival  rates  on  several  fixed  days; 
thus  it  is  possible  to  determine,  for  instance,  whether  the  therapeutic  effect 
has  increased  or,  conversely,  it  has  been  displaced  by  a  dystherapeutic  one. 

This  course  appears  to  have  its  rewards  especially  when  the  effective  mechanisms 
cf  different  compounds  are  to  be  compared.  However,  if  the  survival  rate  of 
the  treated  or  untreated  animals  once  attains  a  lead,  no  additional  conclusions 
may  be  reached  from  the  circumstance  that  the  lead  is  not  cancelled  out  subse¬ 
quently. 

The  described  method  leads  to  a  qualitative  result;  it  answers  the  general 
question,  whether  or  not  a  tested  substance  is  effective.  If  compounds  of 
ascertained  efficacy  are  available,  a  measurement  of  the  therapeutic  activity 
may  be  conducted,  provided  one  of  the  effective  substances  is  defined  as  the 
comparative  preparation  ("standard  preparation").  In  this  case  the  control 
series  consisting  of  untreateu  animals  is  replaced  by  a  group  of  animals  treated 
vd.th  the  standard  preparation.  JoiOTurison  of  survival  rates  or  other  values 
characteristic  of  the  behlvior  of  the  animal  collection  (see  below)  reveals 
yf')  In  especially  favorable  cases,  e.g.  in  the  evaluation  of  the  efficacy  of 
highly  effective  compounds  against  pneumococcal  infections,  the  test  results 
are  determined  when  ICO,j  of  tne  animals  (control  animals)  have  died. 


whether  or.o  or  ihw  tested  substances  is  more  or  legs  effective  the  h^sa/ 

preparation,  or  idcntic-l.  If  the  efficacy  of  differ  cut  quantities  of  tne 
tested  drug  is  dutenuned,  it  can  also  be  found  wuidi  dosis  is  equivalent  to 
a  certain  amount  of  'the  stanuara  preparation;  from  this,  the  ratio  of  values 
of  the  different  compounds  c-m  be  deduced  directly. 


2.  particularly  lucid  results  may  be  obtained  when  the  suz*vival  ratios 
found  in  the  treated  and  untreated  aniaal  series  are  not  only  compared  once  or 
several  times,  but  continuously  during  the  entire  test  duration  and  the  results 
are  depictea  grupidcally  (cf.  fig.  1-4).  The  graphic  representation  of  the 
test  animals'  course  of  death  _ives  a  very  clear  picture  of  the  total  progress 
of  a  test  and  yield  the  ::josu  valuable  foundation  for  the  evaluation  of  the 
therapeutic  efficacy  of  chemical  compounds,  of  course,  a  numerically  express¬ 
ible  judgement  of  the  obtained  result  cannot  be  deduced  therefrom  airectiy. 

Such  a  judgement,  which  snoulu  consolidate  ana  evaluate  a  highly  complex,  re¬ 
ciprocal  effect  between  macro-orga; asm,  lA cro-organi sm  and  cheiaotherapeuticua 
extending  over  a  longer  period  of  time,  —  i.e.,  a  biological  process  — , 
in  many  cases  cannot  be  expressed  at  all.  Still,  it  may  often  be  useful  to  get 
a  summary  persoective  of  the  test  progress  by  entering  each  individual  animal 
with  a  characteristic  sign,  which  significantly  influenced  the  final  outcome, 
in  a  calculation.  Such  a  sign  is  the  test  animals 1  survival  time  (or  "death 
time"). 


Numerous  pharmacological,  chemotherapeutic,  recently  even  ir-mune-biologi cal 
investigations  have  been  corhucted  with  the  consideration  of  the  survival  time; 
in  earlier  examinations  of  the  chemothe rapeutical  susceptibility'  of  tuberculosis 
I  have  also  utilized  inis  characteristic  for  the  numerical  designation  of  test 
results  (1).  Its  use  is  entirely  justified,  since  in  many  cases  it  makes  the 
formulation  of  a  sensible  average  value  (and  statistical  analysis)  possible. 
Still,  it  has  been  known  for  a  long  time  bh_t  some  experimentally  obtained 
data  are  very  difficult  to  introduce  into  the  mathematical  material  yielded  by 
a  large  collective. 

For  example,  the  death  times  of  poisoned  or  infected  animals  do  not  in¬ 
crease  freely  with  decreasing  doses  of  toxin  or  bacilli.  Starting  with  a 
certain,  more  or  less  precisely  determinable  limiting  dosis,  we  observe  that 
only  a  part  of  the  test  animals  die,  while  the  others  do  not  die  belatedly,  but 
do  not  succumb  at  all  to  their  disease.  If  the  instilled  toxic  or  bacillary 
dosis  lags  behind  a  certain  c  threshold  value"  (different  from  animal  to  -aniaul), 
the  expected  effect  does  not  occur  with  increased  retardation,  but  not  at  all. 
This  also  apolies  to  experimental  infection  with  TB  bacilli  (cf.  Prigge  1, 

p.445) • 

The  mathematical  treatment  of  such  observational  data  has  been  attempted 
in  different  ways,  aisskalt  (b),  for  example,  equates  the  death  time  of  sur¬ 
viving  animals  with  60 .  It  may  be  argued  tint  by  this  method  the  customary 
average  cannot  be  arrived  at;  the  arithmetic  mean  becomes  qO  ,  as  soon  as  a 
single  animal  survives.  Other  authors  ignore  the  survivors  and  only  account 
for  the  dead  ani rat  s  in  calculating  the  average  value,  Ouch  a  course  of  action 
must  of  course  appear  highly  questionable. 
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I- live  boon  overcoma  xn  j.  vnw  simelo  ^nncr^  , 
.^e,  s  not  yet  been  utilized.  In  order  to  obtain 
nsibie  c-lcul-id.cn  of  averages  even  in  the  cj.se s  aes— 
is  repl-ced  by  the  animals 1  death  rate. 


If  the  ‘‘death  race15  of  an  aniraal  that  dies  1  day  (24  hours)  after  poison¬ 
ing  is  designated  as  -dO,  the  animal  dying  after  £  day  (12  hours)  has  a  death 
rate  of  20C,  ti  e  >-ni:_l  dying  after  2  days  (43  hours)  a  death  rate  of  50,  etc. 
"fiie  aeath  race-  therefore  is  defined  as  the  100-fold  magnitude  of  the  reciprocal 
value  of  the  inuiviuual  test  ani.jal *  s  deat.i  time,  measured  in  days.  Jince  sur¬ 
viving  ouii.'tals,  deal  ^uitea  by  in  lisshalt's  method,  now  chow  a  death  rate  of 
zero,  all  test  -n duals  can  be  considered  and  a  reasonable  average  becomes 
possible  in  all  canes. 

fhc  introduction  of  ae-th  r-tes  leads  to  the  so-called  “harmonic  mean1’  of 
the  ae-th  tiiusj  the  latter  is  the  reciprocal  v_dLue  of  the  arithmetic  mean  of 
the  aeath  r.-tes  defined  above,  divided  by  100.  fhe  harmonic  mean  of  the  death 
times  can  be  used  in  place  of  the  arithmetic  mean  of  the  death  rate.  The 
construction  of  both  averages  is  possible  in  all  cases,  regardless  whether  all 
animals  die  or  one  part  remains  alive,  however,  since  the  "harmonic  mean"  is 
not  customary,  it  is  recommended  that  only  the  arithmetic  mean  of  the  death 
tines  be  used  in  characterizing  the  de-th  sequence,  or  else  the  arithmetic  mean 
of  the  death  rate.  I  consider  the  first  to  be  preferable  (when  both  are  possi¬ 
ble)  cue  to  its  perspicuity.  — — 


T.ie  significance  of  the  survival  rates  ana  the  mean  values  is  severely 
limited  by  the  circa:  astaace  tliai  the  taerapeutic  influence  on  an  infection  is 
not  a  uniform  process,  but  a  highly  complex  interplay  of  powers  anu  contrary 
powers.  Investigations  reportea  earlier  support  the  view  that,  for  example, 
gold  compounds  in  doses  which  exclude  immediate  injury  to  the  organism,  may 
exert  an  unfavorable  influence  on  the  progression  of  the  tubercular  infection 
(Prigge,  1).  Observations  of  the  effect  of  choulaoograic  acid  compounds  re¬ 
vealed  that  even  therapeutically  effective  substances  may  under  certain  condi¬ 
tions  become  ineffective  or  exert  dystherapeutic  influences  (Prigge,  l).  Such 
contrary  processes  may  be  covered  up  in  the  construction  ox  mean  values:  The 
app.vrent  “objectiveness  of  the  number"  may  in  such  cases  represent  hindrances 
to*  research.  ?or  these  reasons  a  general  use  of  mean  values  exist  be  avoided. 
Cn  the  basis  of  years  of  experience,  we  consider  the  graphic  representation  of 
death  progression  to  be  the  most  valuable  means  in  the  analysis  of  chemothera¬ 
peutic*  efficacy  in  experimental  tuberculosis,  particularly  vihen  this  method  is 
sue  elemented  by  other  oroven  methous  (control  of  weight ,  examination  of  the 


grap-ic 

It  is  only  in  conjunction  with  this  standard  system  that  the  eva¬ 
luation  of  survival  rates  and’ mean  values  assumes  significance.  In  summing  up, 
their  utilization  :aay  be  characterized  as  follows:  distinct  differences 
between  mean  values  always  represent  valuable  intelligence,  while  the  aoser.ee 
of  such  differences  uses  not  permit  unequivocal  evaluation. 
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i^u.:o...j.tic-j.— ju  .  ot_c —  uosu  x*i  u.ic  critique  of  ex  ieiii.'.c:i;t.illy  ob— 

*oiae-.  u-js.,  -~v su.-c, o,  e—xresseu  in  figures.  m.  as  sufficient  so  point  out  tint 
tiie  1  ai^r.  !_*ic— ..ce"  Ox  uiS  oix_orei.ee  oom/een  survival  r—aes  oj'  ore—  ted  —a—  mi¬ 
tre  a  ..ea  uni...-_u  was  teste*  :-dt".  tne  aim  of  tns  l-test  uevelooco  hv  H,  v. 

^x',._n4  ..  .  /f'  .• _ .  zv _  •  - _  ..  ..  * 


equivalent  nuneric-lly,  ..owever. 

_  fae  difference  between  the  aritnmetic  mean  of  death  tines  or  death  r-tes 
obtained  froj  ti«o  comparative  test  series  cannot  be  evaluated  by  heretofore 
customary  methods,  since  these  hinge  on  the  condition  that  a  so-called  “normal 
distribution,1*  i.e.  a  distribution  corresponding  to  Gauss'  lav/  of  error,  is 
valid  for  tiie  ocservee  values,  and  also  oe cause  the  distribution  of  death  times 
oi  tubercular  animals  ^as  well  as  that  of  aeath  races)  orovea  to-  be  entirely 
different  from  Gauss'  distribution  of  error.  Tae  possibility  of  st-tistical 
evaluation  of  such  m-terial  has  been  given  only  recently;  it  becomes  feasible 
oy  means  of  a  .metnod,  also  developed  by  H.  v.  dcii elling  (10),  which  is  wholly 
independent  of  the  assumption  of  a  normal  distribution. 

Tne  utility  of  the  critique  of  test  data,  undertaken  vdth  the  aid  of 
matne/aat ical—stati sti cal  imthous,  becomes  apparent  primarily  by  its  ability  to 
prevent  subjective  evaluation  of  app-rently  favorable  test  results,  and  to  give 
valuable  pointers  as  to  which  observations  v/ould  justify  further  pursuit  and 
the  commitment  of  more  extensive  investigations.  It  should  be  obvious  that  in 
tliis  connection  the  course  of  action  must  not  be  schematic,  so  that,  fer  in¬ 
stance,  only  those  results  are  considered,  which  would  be  designated  as 
"affirmed"  by  the  3s-metuod.  it  seems  more  important  to  test  in  every  case  uhe 
.magnitude  of  probability  with  which  an  appax-ently  favorable  result  my  belong 
to  the  realm  of  chance.  ..s  long  as  this  value  is  contained  within  reasonable 
bounds,  there  remains  the  justification  or  duty  to  assume  a  "systematic"  (ie_p.l) 
cause  for  the  observed  result  and  to  conduct  further  observations.  2he  remoras 
at  the  dose  of  section  II  naive  it  obvious  that  additional  testing  of  a  prepa¬ 
ration  will  appear  indicated  even  in  those  cases  where  graphic  representation 
of  the  disease  evokes  suspicions  of  contrary  effects,  and  where  the  statistical 
-  evaluation  fails  to  reveal  the  presence  of  efficacy. 

IV.  In  order  to  avoid  disappointments  (which  would  bring  unwarranted 
discredit,  upon  statistics),  it  should  be  realized  that  even  Hie  described, 
exact  methods  do  not  make  obsolete  the  necessity  for  a  well-planned  preparation 
of  the  material  for  evaluation. 

In  this  paper,  which  primarily  airs  at  the  hi ologi caliy  interested  reader, 
a  common  error  must  be  pointed  outs  If  of  two  tests,  conducted  with  the  s-me 
drug  and  according  to  the  some  plan,  one  yields  a  "positive"  result,  i.e.  a 
result  supporting  the  efficacy  of  the  tested  substance,  while  the  other  uoes 
not  show  a  significant  result,  it  would  be  wrong  to  conclude  from  the  judgement 
obt-ined  by  statistical  analysis  of  the  first  test  abut  the  second  test  should 
r.ow  be  _iscaraed  as  inconclusive.  It  should  rather  oe  considered  that  the 
conclusion  reached  by  statistical  methods  represents  an  expression  of  probabi- 
oity.  <n.p.~essed  under  the  explicit  condition  that  no  arbitrary  selection  from. 
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,e.  i..iu  ,..jj j  not  ...eon  ii_ t  sue..  Lasts  should  be 
.is.,  v^v  ob-ainea  by  so...e  kino  of  erroneous  pro— 
.a._L  J-Uj,  or  co-uiulons.  bn^y  those  tests 

*o  oLnoioticai  analysis,  which  tho  biologically 
:.j  unobj  ection-ble  and  truly  homogeneous  *  Test 
l.-.ry  conditions  shoulu  not  be  isolated,  however, 

i.u.  on  C0i»  uC-ot* > 


Jio  jui.cixic.iC.io.  for  t..i->  require.  .~r.b  is  easi!;'  seen:  ...veil  in  dealing 
with  completely  i.. — foe -lv-s  chj.iea_  c^n/oands,  yrc.it er  uifferonces  between 
the  aver -ye  ue-ch  oL.;.;s  oj  t.-e-^ect  -nc;  uncreated  uninaio  any  appear  as  purely 
coincidental  results,  as  „cr._  as  the  tests  are  conauc-el  with  sufficient  Ire- 
cue  *.cy*  jlC  o.i <j x* o o  sou  tl-t  the  repetitions  of  «n  ineffectual  test,  in  the 
hope' of  such  a  result,  canno-  yiel-  a  result  auiiittinj  of  evaluation*  If  the 
noped-for  result  shoulu  really  oe  ac..ieved  after  nu..erous  repetitions,  — — 
provided  the  test  has  been  conducted  -without  yrounus  for  objection  — ,  it  is 
easily  recognized  -s  the  factor  so  designated  in  tea  theory  of  probability, 
namely  as  the  “exception"  due.  to  ehmee,  which  may  be  expected  only  in  a  very 
large  number  of  cases.  fherefore  it  my  under  no  circumstances  be  evaluated 
sep-rately,  'i.e.  by  circumventing  the  other  res.li.tsJ  on  the  ot.ier  nand,  it  is 
inconsequential  if  after  various  positive  test  repetitions  one  result  is  ob¬ 
tained  which  —  by  itself  —  aoes  not  reveal  a  noteworthy  difference  between 
the  obtained  -vsr.-ge  values  and  therefore  may  not  be  considered  as  "statisti¬ 
cally  affirmed-" 


If  results  of  several  tests,  conducted  with  the  so.ee  preparation  and 
accorsing  to  «he  sane  pi  m,  are  available,  every  kind  of  arbitrary  selection  is 
prohibited:  .Hi  available  test  results  must  be  considered  and  compiled  in  the 
analysis*  This  is  true  also  of  the  individual  results  obtained  within  the 
franevrork  of  a  larger  test,  e*g*  for  (apparently  disconnected)  death  times  of 
.xr.i  r.vxlf.  that  survived  long  past  the  time  in  which  the  death  of  all  other  test 
urP  -c-l  g  hoc  occurred,  .-.s  long  as  it  cannot  be  proved  that  a  test  error  is  in¬ 
volved  (erroneous  deviation  in  the  amount  of  substance  instilled,  etc*),  it  is 
completely  unjustifiable  to  ignore  individual  observations  which  make  statisti¬ 
cal  analysis  more  difficult*  after  .;*  bchaefer  (IS)  (op*  dt*  p*  62/63)  had 
poinx.su  out  xhat  at  tines  even  expert  statisticians  make  such  errors,  our 
allusions  to  an  unobjectionable  test  evaluation  should  be  considered  more 
earnestly  than  may  appear  necessary  to  persons  not  acquainted  with  the  sdst-kes 
frequently  found  in  this  connection. 


In  the  introduction,  a  concept  was  illuminated,  according  to  which 
experimental  T2  uiffers  from  the  human  primarily  owing  to  the  circumstance  that 
the  organism  of  test  animals  are  defenselessly  exposed  to  the  disease  due  to 
txie  ..bsence  of  inherent  defenses,  disregarding  tne  question,  waetner  or  not 
an  acute  infective  progress  mi^it  even  be  aesirable  in  view  of  the  goalof 
finding  chemotiicrapautically  feasible  substances,  (since  only  highly  effective 
compounds  can  assert  themselves),  it  must  first  be  no— acted  that  the  assumption 
of  a  complete  or  even  far-reaching  defenselessness  of  test  animals  against 
tubercular  infections  is  false  and  without  experiraen-ol  sup:>ort.  On  the  con- 
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completely  hs.ilL.h7  auu.  as  liOo  even  react  with  giandul.,r  tumescence,  if  the 
infection's  vix*u..e..co  is  utter... ted.  ..owever,  is  is  not  only  the  reaction  oi' 
individuals  bslo.ij.nj  to  she  ......  e  collective  that  is  id. only  v.ri  foie.  The 

average  pro  rossiui.  entries cri.-. ale  lor  the  collective,  as  ’.rail  as  the  distinct- 
iveacss  oi  tiie  entreae  forms',  ......  a_so  fluctuate  considerably,  depending  o-i  the 

untie  of  infection,  The  e..to-i...o..«er  _y  therefore  fashion  t  .e  aise-se  in  a 
rsanner  that  appears  e~  .uci-.ll'-  f_vor-hle  for  ti:c  execution  of  tiie  test. 


In  thi-  connect! or.,  .-s  e.x-eose.-  by  hue star  xi.  ..eyer  (2),  it  ought  not  to 
be  auVa:.o.._eous  to  change  t..e  course  of  uioe-.se  by  o  acific  alterations  of  tne 
organism.  _o.r.e  ixive-tijatoro,  for  inst. — ce,  h..vc  created  slowly  pro  fres sing 
tuberculosis  in  rabbits  by  are- treating  the  animals  with  weakly  virulent 
(human;  Tb  b-cilli  ana  reinfection  after  some  time  nit h'  fully  virulent  bovine 
germs.  ..uestcr  and  i.eyer  point  out  th.t  ir.  such  animals,  especially  strong 
natural  he-iir.g  processes  set  in  x/nich  .axle  the  evaluation  of  therapeutic 
agents  very  difficult,  p-rticu__rly  if  tne  investi  patio..s  ueal  primarily  witn 
tiie  study  of  pafcnolojic-unutomicui  ch_nwes  in  ti;e  various  studio,  of  the  uis- 
easc,  t::e  differences  of  which  ore  to  furnish  conclusions  regarding  tiie  dis¬ 
ease’s  tendency  to  heal. 


The  extortion  of  external  inllue-ce  on  the  pro  press  of  disease  is  not  um 
necessary,  as  tide  infection's  dosis  according  to  quantity  ar.d  virulence  of  the 
bacilli  may  be  considered  the  method  of  choice  for  the  creation  of  diversely 
calibrated  infections,  accorcinp  to  extensive  experimental  experience,  if 
doubts  about  this  fact  are  expressed  time  and  again,  this  may  stem  primarily 
from  the  circumstance  that  the  extraordinary  scope  of  dosage  variability,  widen 
makes  a  noteworthy  calibration  of  infective  progress  possible,  is  unknown  to 
many  investigators,  he  therefore  list,  in  table  1,  a  synopsis  of  tiie  differ¬ 
ences  obtained  in  the  course  of  tubercular  infection  of  guinea  pigs  with 
different  doses  of  tiie  same  strain  of  TB  bacilli.  In  this  connection,  the 
question  whether  the  especially  high  susceptibility  of  the  test  animals  during 
the  first  few  uays  noted  by  numerous  investigators,  and  the  fatal  cases  not 
caused  by  significant  anatomical  lesions  within  this  period  are  due  to  a 
"tubercular  ultravirus"  or  other  factors  related  to  artificial  infection,  siull 
be  barred  from  the  discussion. 


,.s  revealed  by  table  1,  the  death  times  shorten  distinctly  with  increased 
infective  dosages^  however,  the  shortening  occurs  in  an  entirely  different 
relation  than  the  increase  of  the  infective  dosis.  a  significant  acceleration 
in  the  average  course  of  infection  is  obtained  only  by  the  increase  of  the 
bucili-ry  no  sis  to  the  thousand-fold  quantity  —  e.g.  from  0.1  ^  to  0.1  mg  ar.a 
from  C.i  mg  to  0.1  g  (  i).  Sines  the  calibration  of  the  bacillary  dosis  genor- 
olly  is  set  witixin  much  narrower  bounds,  it  is  not  surprising  that  a  correlation 
se  tween  infective  dosis  and  infective  progress  has  often  been  doubted.  In 
t..is  connection  it  should  be  remembered  that  the  amount  of  0,1  ^  of  moist  ib 
bacilli,  according  to  customary  estimates,  still  represents  the  enormous  su.. 
o  f  ICO  ,  o00-2o0 , 000  ger.as  . 
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such  obvious  form. 

conclusion  follows) 
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feceier.  with  hixxiii  Ti  biCixli,  sur.-in  Jb.lj  infecoicn  on  3  ..arch  1933. 


.Uii.r.il 

//(*) 

-cries  ». 
0..00C1  mg 

Infective 
-eries  31 

0.1  mg  • 

do  sis 
■series  12 

0.1  mg 

series  C 

100  mg  ’ 

1 

14 

10 

12 

10 

2 

15 

27 

13 

10 

3 

23 

34 

28 

20 

4 

27 

36 

30 

20 

5 

39 

39 

42 

25 

6 

41 

42 

44 

32 

7 

45 

43 

45 

33 

8 

45 

44 

45 

35 

r, 

✓ 

53 

52 

47 

3S 

10 

57 

52 

52 

39 

n 

76 

53 

52 

39 

12 

76 

53 

57 

46 

13 

77 

53 

54 

46 

14 

S3 

55 

65 

49 

15 

9S 

61 

67 

49 

16 

111 

66 

63 

50 

17 

112 

6S 

63 

52 

IS 

114 

75 

69 

52 

19 

15  o 

76 

70 

54 

20 

161 

1C3 

71 

72 

.average: 


(*)  lie  xninals  are  oraerea  according  to  their  survival  tine. 
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5,^3..  — ••  ■  .- - --  x-  >03Jxb_3  so  cause  r.. px-iy  processing  T3 

*•*•“••  o  -  C-- * — --i  s~r.* —  v-i-0.v-.yj  wnxch  pre.*o..u.n xr.xly  _iu  .ck  one  lungs, 

a,*. .--v-  ^  ^  - -v—  ^  —  ^  — r*  CiicwXVLCuo^ii»k*xC)  v ~o\i Lo  uis-* 

.v..-._v  .a,  ^ - i.:w  -o  .a..:  .iv-i-  2-3  weeks  (drigge  1,  isicster  £c  heyer  2)-. 

bun  ti;.e^  cf  .•  -d -  — . x  for... .ire  concentrate;*  on  a  Very  narrow 

ii.w. .... c..  sJLf  f^r  ...ceh  in.  ole  r- .y-3S  of  disease,  depeuaeux  on  the  viru- 
lo..ce  el  o..„.  ..ar-i-ij  .re  Jroquo..iLy  seer.  i*.  the  course  of  expensive 


